Background: Recovery after anterior cruciate ligament (ACL) reconstruction (ACLR) requires extensive postoperative rehabilitation. Although no ideal rehabilitation procedure exists, most experts recommend a fusion of time and strength and functional measures to guide decision making for activity progression during rehabilitation. This process is often directed by surgeon protocols; however, the adoption of contemporary rehabilitation recommendations among surgeons is unknown.
The incidence of anterior cruciate ligament (ACL) injuries and ACL reconstruction (ACLR) among youth athletes has been steadily increasing. 7, 9, 14, 35, 38 Unfortunately, outcomes after ACLR may be less than desirable, as recent literature has shown that up to 37% of athletes may never return to their prior level of sports participation. 3 Additionally, and perhaps more alarmingly, adolescent athletes appear to be particularly at risk of sustaining secondary ACL injuries upon returning to sports, with documented reinjury rates as high as 30%. 19, 23, 42, 53 Postoperative rehabilitation is an essential component of recovery after ACLR, facilitating successful outcomes by optimizing function and reducing the presence of risk factors for repeat or second ACL injuries. 4, 12, 21, 43, 47 Historically, ACLR rehabilitation protocols relied heavily on time-based standards 17 ; however, most experts currently recommend more comprehensive treatment protocols, as research has supported a blend of time-based and objective functional measures to guide postoperative rehabilitation decision making. 1, 6, 26, 27 Despite this understanding, a recent report demonstrated significant variability and inconsistent criteria for advancing physical activity and return to sports within published postoperative ACLR protocols. 32 Although the responsibility for specific rehabilitation procedures and day-to-day management after ACLR is typically borne by the physical therapist, progression through larger functional milestones, such as return to jogging or sports-related activities, is typically directed by the surgeon's postoperative protocol. Literature pertaining to orthopaedic surgeon practice patterns after ACLR commonly focuses on operative decision making, techniques, or outcomes, 33, 34, 45 and information regarding surgeon rehabilitation preferences is sparse. Thus, the purpose of this study was to evaluate current rehabilitation recommendations among orthopaedic surgeons regarding adolescent patients after ACLR, with a particular focus on the specific criteria utilized to guide activity progression throughout the entire course of recovery after surgery.
METHODS

Survey Development
A team of clinicians (3 physical therapists [E.M.G., E.T.G., J.A.] and 1 orthopaedic surgeon [T.J.G.]), highly experienced in managing patients after ACLR, collaborated to develop an electronic survey using REDCap electronic data capture tools, hosted at the Children's Hospital of Philadelphia. 20 The initial phase of development consisted of the identification of key rehabilitation transitional phases and the formation of preliminary questions guided by previously published reports and clinical expertise. [32] [33] [34] Because of differences that may exist in rehabilitation and activity progression based on patient characteristics such as age, activity level, surgery type, graft type, and concomitant injuries, it was determined that the questionnaire should be grounded utilizing a standardized case vignette representative of a typical patient encountered by an orthopaedic surgeon. Survey participants were asked to answer the questions in the survey based on their typical treatment of the following patient: "Your patient is a 17-year-old female soccer player who underwent ACL reconstruction using a hamstring autograft. There were no concomitant injuries, and she is having an uncomplicated postoperative recovery. Her goal is to return to soccer competition at the collegiate level upon full recovery."
Each survey participant was instructed to answer all questions that related to their clinical practice of patients after ACLR. To be time-efficient, the electronic survey incorporated the use of branching logic, which propagated specific follow-up questions only if pertinent responses were selected in previous questions; thus, the total number of questions answered by each participant varied based on the respondents' individual practice patterns. The survey consisted of 6 sections: (1) clinician demographics and clinical practice information, (2) clinical decisions related to jogging, (3) clinical decisions related to modified sports activity (eg, agility, sport-specific drills/skills), (4) clinical decisions related to unrestricted return to sports, (5) use of injury prevention programs, and (6) use of functional bracing upon return to sports.
The initial development team reviewed and tested the survey among themselves for format, inclusivity of content, clarity, and survey functionality. After all initial revisions were made, the survey was pilot tested among a group of 5 physical therapists and 3 orthopaedic surgeons. All suggestions were considered, and modifications to the survey were made after a consultation among all authors. During pilot testing, the survey took approximately 4 to 7 minutes to complete. The complete survey is available in the Appendix.
Participants were recruited at the 2017 Pediatric Research in Sports Medicine (PRiSM) Annual Meeting. An email containing an electronic link for survey access was sent to all orthopaedic surgeons in attendance. Interested participants clicked the electronic link, connecting them to a more detailed study description, which included eligibility criteria. Access to the survey was granted after selecting "yes" to the question indicating their informed consent to participate. No identifying information was collected on any of the participants, and thus, participation was completely anonymous. Because of the multidisciplinary audience at the meeting, only those identifying themselves as orthopaedic surgeons were included in the analysis. This study received approval from all necessary institutional review boards before onset. The Checklist for Reporting Results of Internet E-Surveys (CHERRIES) was used to ensure the quality of reporting the findings of this study. 16 
Statistical Analysis
Data were analyzed using SPSS version 24.0 (IBM). Descriptive statistics were utilized to summarize the distribution, frequency, and dispersion of participant responses.
1. A total of 26 states across various geographical regions were represented in the sample. Years in clinical practice was evenly distributed and included those with 0-4 years (37%), 5-10 years (32%), and 11 years (30%) of orthopaedic surgery experience. The majority of the sample were board certified in orthopaedic surgery (77%), practiced in an academic or teaching hospital (75%), and performed >25 ACLR procedures each year (80%).
Decision Making Regarding Activity Progression
A large proportion of the sample (88%) indicated that the progression of activity after ACLR was largely a collaborative process, with shared decision making between both the orthopaedic surgeon and the rehabilitation specialist (ie, physical therapist or athletic trainer).
Time Criterion
A small majority (55%) of the orthopaedic surgeons indicated that they would evaluate this patient for 1 to 2 years postoperatively. Other responses indicated a postoperative follow-up duration of 9-12 months (18%), followed by >2 years (20%) and 8 months (7%).
Response frequencies pertaining to transitional time points of jogging, modified sports activity, and unrestricted return to sports are presented in Figure 1 . Most orthopaedic surgeons indicated that they would initiate jogging between 3 and 4 months postoperatively (80%). Modified sports activity (eg, agility, coordination drills) was most often initiated at 4-5 months (47%) or 6-8 months (47%). Progression to unrestricted return to sports was reported most between postoperative months 6-8 (43%) and 9-12 (52%), with only 5% of the sample delaying this milestone until at least 1 year after ACLR.
Criterion-Based Measures
The most often reported criteria to initiate jogging and modified sports activity were knee range of motion (87% and 72%, respectively), degree of knee effusion (80% and 68%, respectively), thigh muscle strength via manual muscle testing (MMT) (70% and 60%, respectively), ACL laxity tests (55% and 60%, respectively), and lower extremity functional/balance tests (38% and 68%, respectively) (Figure 2) . When resuming unrestricted return to sports, a slight majority of the respondents (55%) indicated that they did not require any additional formalized testing.
Thigh Muscle Strength
Thigh muscle strength via MMT was commonly considered a determinant to initiate jogging (70%), while more objective modes of strength testing, such as isokinetic dynamometry (22%) and handheld dynamometry (3%), were not reported as often. Similar findings were noted for initiating modified sports activity, with 60%, 28%, and 12% utilizing MMT, isokinetic dynamometry, and handheld dynamometry, respectively. If a respondent included isokinetic dynamometry as part of his or her assessment, additional data were gathered pertaining to limb symmetry index (LSI) thresholds of the quadriceps and hamstring muscle groups to initiate jogging and modified sports activity. 
Functional Testing
Of all respondents, 65% and 66% utilized more than 1 functional test to initiate jogging and modified sports activity, respectively. The single-leg squat (31%) and straight-leg raise (20%) tests were most frequently utilized for decision making regarding readiness for jogging, while single-leg hop tests were used most often to initiate modified sports activity (60%), followed by the Y Balance Test (37%) and Functional Movement Screen (23%) ( Table 2 ). Of the 60% that utilized single-leg hop testing for decisions to initiate modified sports activity, the single hop for distance was most common (89%), followed by the triple hop for distance (58%) and triple crossover hop for distance (50%) ( Table 3) . Additionally, there was no clear consensus as to the required LSI thresholds to begin modified sports activity, as responses ranged from >75% to >95%, with >90% being the most common (44%).
Patient-Reported Outcome Measures (PROMs)
PROMs were utilized by 20% of orthopaedic surgeons to initiate jogging and 12% for progression to modified sports activity. Specific PROMs included the International Knee Documentation Committee (IKDC), Knee Outcome Survey (KOS), Lower Extremity Functional Scale (LEFS), and 36-Item Short Form Health Survey (SF-36); however, no scales related to fear and/or athletic confidence were considered.
Injury Prevention Programs and Functional Bracing
Although most orthopaedic surgeons recommended injury prevention programs after ACLR (73%), there was no clear consensus on the specific program preference. The FIFA 11þ (39%), Santa Monica PEP (27%), Sportsmetrics (11%), and clinic-specific/individually adapted programs (23%) were all reported by respondents (Figure 4) . Additionally, there was a clear dichotomy in brace prescription, with exactly half of the surgeons requiring the athlete to utilize a functional knee brace upon resuming unrestricted return to sports ( Figure 5 ).
DISCUSSION
The results of this study offer a comprehensive analysis of surgeon preferences related to rehabilitation protocols after ACLR within youth athletes. A large proportion of surgeons (88%) indicated that decisions related to activity progression after ACLR were made within a joint decision-making framework, involving both the surgeon and the rehabilitation specialist. While our results clearly show that surgeons rely heavily on office-based physical examination procedures (eg, knee laxity, range of motion), shared decision making is highlighted by the additional requirement of physical performance tests (eg, strength, hop tests, quality of movement assessment) typically performed and interpreted by rehabilitation specialists. These results are particularly noticeable at the time of returning to on-field activities and may be reflective of an increased awareness of research indicating that the use of objective physical performance measures helps guide activity progression and the identification of risk factors related to secondary ACL injuries. 1, 6, 26, 27 Although there was broad agreement on the use of such performance measures, 32% of respondents indicated that they did not require such testing, and responses regarding the specific mode of testing and "passing" criteria varied substantially. For example, while a small majority of surgeons (60%) reported utilizing singleleg functional hop tests to resume modified sports activity, the hop test selection varied such that only 30% utilized the full complement of hop tests, originally described by Noyes et al. 36 While some research has shown utility in isolated hop tests, 41 the use of the entire battery of tests has been strongly advocated for by many experts. 1, 13, 29, 30 In addition to the variability in test selection, required minimum LSI criteria varied from >75% to >95%, leaving surgeons unable to achieve a majority (defined as 50%) agreement on this reference point. While many contemporary guidelines recommend an LSI of >90% as best practice, 13, 22, 30, 52, 54 the response variability seen within our results may be reflective of the fact that there remains no clear consensus regarding ideal cutoff scores for hop tests within the literature. 52 Interestingly, while nearly all respondents indicated assessing thigh muscle strength as an important factor for activity progression, only a small proportion of surgeons utilized objective measures of handheld or isokinetic dynamometry. Instead, the majority of our respondents reported using MMT as the primary means of strength assessment. While MMT is an easily accessible means of gross strength assessment, it may lack the sensitivity to detect strength deficits that may be present during the late phases of recovery after ACLR. 10 Neuromuscular impairments resulting in quadriceps strength deficits are common after ACLR, 25, 39, 44 which may contribute to persistent functional impairments 11, 24 and increase the risks of developing posttraumatic osteoarthritis 37 or secondary knee injuries upon returning to cutting or pivoting sports. 13, 19, 27 Thus, failing to incorporate more objective measures of strength after ACLR may lead to poorly informed postoperative decision making and may prematurely expose the athlete to highrisk activities.
Among those practitioners who did employ objective means of strength assessment, the cutoff values varied considerably. For example, to progress to modified sports activity, there was no clear agreement on the preferred LSI, with response frequencies widely distributed between 75% and 90% ( Figure 3 ). This lack of agreement may be reflective of an absence of clear evidence to guide practice, with a large variability of LSI thresholds seen within the published literature. 1, 32, [48] [49] [50] 54 Regardless, many recently published reports advocate for LSI values of >90% to resume modified sports activity, and our results indicate that these standards are not reflected within current practice. 1, 5, 48, 49, 51, 52 Future investigations should attempt to determine what factors influence surgeon preferences for hop testing, strength assessment, and assignment of LSI cutoff values; this information may help reduce unnecessary variation in clinical practice and possibly improve patient outcomes.
With regard to time-based progression milestones, surgeon-directed rehabilitation practice patterns became more variable as the time from surgery increased. While 80% of surgeons agreed on progression to jogging within a 1-month range (postoperative 3-4 months), similar levels of agreement were only captured when including a much wider 4-month range (4-8 months) for modified sports activity and 6-month range (6-12 months) for unrestricted return to sports (see Figure 1 ). This variation in progression recommendations is particularly interesting at the time of unrestricted return to sports. Our results demonstrate a noteworthy divide between practitioners recommending unrestricted return to sports between 6-8 (43%) and 9-12 (52%) months postoperatively. Although there are not many data available for comparison, our results may indicate a slight shift toward more conservative practice standards. A 2011 study of the Canadian Orthopaedic Association showed that the majority of surgeons allowed for unrestricted return to sports between 6 and 9 months postoperatively, 34 while our results show a slight majority favoring 9 to 12 months. While this may be reflective of adherence to more contemporary rehabilitation recommendations calling for more prolonged time frames before returning to sports, 8, 13, 22 it may also be because of geographical or sampling bias. The sharp divide between surgeons allowing for unrestricted return to sports before 9 months is concerning, particularly in light of recent research demonstrating that the rate of repeat ACL injuries was significantly reduced by 51% for each month that return to sports was delayed until 9 months after surgery. 19 This variability in return-to-sports recommendations may prematurely expose athletes to high-risk activities after ACLR and create an environment that facilitates confusion among parents or patients when seeking surgical consultation from multiple practitioners.
Recent literature has advocated for the use of kneespecific PROMs, such as the KOS or IKDC, to quantify functional deficits that may affect a patient's successful return to sports participation after ACLR. 1, 11 Surprisingly, only 12% of respondents indicated incorporating these measures into their protocol recommendations at the time of returning to modified sports activity. Additionally, current rehabilitation recommendations advocate for the use of scales that seek to understand an athlete's psychological readiness for sports and fear of reinjuries. 2, 11, 13, 28 Impairments identified by the use of scales such as the Anterior Cruciate Ligament-Return to Sport after Injury (ACL-RSI) or the Tampa Scale for Kinesiophobia have been associated with interlimb functional asymmetries 55 and an increased risk of second ACL injuries. 40 Regrettably, there were no respondents who indicated the use of such measures in their current rehabilitation protocols.
Upon the completion of rehabilitation, there was good agreement (73%) among respondents advocating for the use of ongoing injury prevention programs. Although specific injury prevention program recommendations varied, these results are in agreement with the current evidence, which shows the general effectiveness of injury prevention programs but does not show the superiority of a single specific program. 46 Finally, there was an even distribution between those who do and do not recommend the use of functional bracing upon return to sports. This result is similar to that of McRae et al, 34 who found that 45% of surgeons did not recommend the use of functional bracing in 2011. Although the literature supporting the effectiveness of functional bracing in the prevention of repeat ACL injuries is limited, 31 it appears as though many surgeons continue to favor its use. This may reflect a comfort level in personal clinical experience or may also reflect consideration for patients' individualized preferences for bracing after ACLR.
Proper rehabilitation after ACLR is necessary to enable successful recovery and allow young athletes to achieve their goals of returning to sports while mitigating impairments associated with a reinjury. 12, 15, 21, 43, 47 Orthopaedic surgeons are not only called on as experts in surgical reconstruction but they also serve the role as primary director of patient management. While the details of physical performance testing are not part of standard surgeon training, mounting evidence supporting the use of such tests to improve patient management after ACLR suggests that surgeons should invest time in continued education of test application and interpretation or ensure that their team members (eg, physical therapists, athletic trainers) are utilizing postoperative protocols reflective of contemporary recommendations.
Interestingly, the variability in rehabilitation practices seen within the current study is similar to that seen within physical therapists 18 and likely reflects a lack of interdisciplinary consensus regarding optimal patient management after ACLR. 52 Regardless of the reason, future research efforts should be directed toward identifying optimal rehabilitation progression standards after ACLR and seeking efficient methods to ensure that these standards are adopted within clinical practice.
This study is not without limitations. The survey has not been previously validated, and it is possible that some participants may have interpreted questions differently than intended. Survey respondents consisted of a fairly homogenous group of highly experienced pediatric specialist surgeons who work mostly within academic teaching institutions, and thus, our data may not be generalizable to the larger subset of surgeons in practice. However, this similarity in environment and training may actually underestimate the true degree of variability in practice that would be seen if a more diverse sample of surgeons were included. Finally, as with any survey study, respondent answers may have been influenced by recall or reporting bias.
CONCLUSION
This study offers a comprehensive characterization of surgeon rehabilitation practices after ACLR. The data indicate that there is a fairly large degree of variability in recommended clinical practices, which increases as the time from surgery increases. Future research should be directed toward understanding what factors contribute to this variability in clinical approaches, as such inconsistency may facilitate feelings of confusion among patients, parents, and other medical professionals and affect outcomes after ACLR.
APPENDIX ACLR Survey for Physical Therapists or Orthopaedic Surgeons
Dear Colleagues, Anterior cruciate ligament (ACL) reconstruction is a common surgical procedure, and patients often require an intensive and progressive course of rehabilitation. Although there has been extensive research on ACL reconstruction, clinical practice patterns detailing rehabilitation are currently unclear. In an attempt to gain insight into this factor, the Sports Medicine and Performance Center at the Children's Hospital of Philadelphia invites you to participate in this survey.
To participate, you need to be a physical therapist or orthopaedic surgeon who currently works with patients after ACL reconstruction. The survey takes approximately 5 to 7 minutes to complete. Your participation is completely voluntary, and your responses are anonymous. The survey includes a few demographic questions, followed by a series of questions regarding your rehabilitation practices in the management of athletes after ACL reconstruction.
Your responses will be kept completely confidential and analyzed anonymously. Please feel free to contact Dr Elliot Greenberg 
